Introduction {#S0001}
============

Brain metastases (BMs) are among the most dismal late complications of non--small cell lung cancer (NSCLC).[@CIT0001] With standard treatment---that is, whole brain radiation therapy (WBRT)---patients with multifocal metastases has a predicted survival of 4--6 months. Those with oligometastases treated with stereotactic radiosurgery and/or fractionated stereotactic radiotherapy (SRS/SRT) has a predicted survival of 12 months or more.[@CIT0002]--[@CIT0004] In the past decade, the development of oncologic-targeted therapy has greatly advanced the treatment of NSCLC. Brain metastases with the *EGFR* mutation treated with tyrosine kinase inhibitors (TKIs) achieved response rates as high as 70% to 89% and median overall survival times of 12.9 to 19.8 months compared with the traditional modality with survival times of 6 to 12 months.[@CIT0005]--[@CIT0007] It has been suggested by most of the guidelines that a TKI, or TKI combined with radiotherapy, should be the first-line treatment option for patients with BMs.[@CIT0008],[@CIT0009]

Systemic inflammation, which promotes tumor progression, is now recognized as an important prognostic factor. Since it can easily be determined from blood tests, many previous studies have demonstrated that elevated inflammatory factors such as the neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are associated with poor prognosis in many tumors as well as being related to the sensitivities of chemotherapy, radiotherapy.[@CIT0010]--[@CIT0012] The prognostic value of systemic inflammation factors was also observed in the management of lung cancer with chemotherapy, radiotherapy, target therapy and immunotherapy.[@CIT0013]--[@CIT0017] However, there are no clear prognostic factors for patients with BMs from NSCLC with status of EGFR mutation who received target therapy or other treatment modalities. Little is known about the correlation between pretreatment NLR and prognoses of brain metastases. In this study, we aimed to investigate the prognostic value of NLR for response to target therapy or other treatment modalities among brain metastases from NSCLC-harboring EGFR mutation.

Patients and Methods {#S0002}
====================

Patients' Eligibility {#S0002-S2001}
---------------------

Between August 2010 and June 2015 we identified 133 consecutive patients in our cancer center's data base with NSCLC confirmed by histology and with BMs confirmed by computed tomography (CT) and/or magnetic resonance imaging (MRI). All patients were found to have *EGFR* mutations by DNA direct sequencing or the amplification of refractory mutation systems. Patients who met the following criteria were excluded: History of other malignant tumorsIncomplete record of blood test results before BM diagnosisPrevious steroid treatment (before blood testing)Less than a 3-month follow-up after the BM diagnosis

This study was approved by the Shanxi Provincial Cancer Hospital ethics committee and conducted in accordance with the Declaration of Helsinki. Written informed consent was obtained from each patient.

Variables {#S0002-S2002}
---------

Each patient's record included the following: gender, age, smoking history, Karnofsky performance score (KPS), control of primary tumor, extent of extracranial disease, number of brain lesions, and graded prognostic assessment (GPA) classes, which were recorded based on the radiation therapy oncology (RTOG) classifications.

The NLRs were calculated using the following equation:

NLR = N/L,

where N and L refer to peripheral blood neutrophil and lymphocyte counts, respectively. Blood counts were collected from routine blood tests within 7 days of the BM diagnosis. Treatment modalities were grouped as follows: 1) radiotherapy (WBRT/SRS/SRT), 2) EGFR-TKI, 3) combination of EGFR-TKI, and radiotherapy.

Statistical Methods {#S0002-S2003}
-------------------

The Chi-square or Fisher exact test was used to make comparisons between the two groups. The cut-off value was defined by receiver operating characteristic (ROC) curve analyses. The area under the curve (AUC) was used to assess the predictive value. Overall survival (OS) was estimated from the first day of BM diagnosis to death or date of last follow-up using the Kaplan-Meier method. Group analysis was performed using the Log-rank test for univariate analyses and the Cox proportional hazard model for multivariate analyses. A *P* value below 0.05 was considered significant. All analyses were performed using SPSS statistical software 22.0.

Results {#S0003}
=======

Patient Characteristics {#S0003-S2001}
-----------------------

Among the 730 NSCLC patients with BM, 133 were found to have *EGFR* mutations, including 24.3% (33) with exon 19 deletions and 24.3% (33) with exon 21-point mutation (L858R). One patient had both exon 19 and exon 21-point mutations. Two patients were found to harbor other rare types of mutations.

Patients' mean age at the time of diagnosis of BM was 56 years. Most of the patients were female (60.9%) and were no smokers (68.4%). At BM diagnosis, 72.2% of the patients presented with more than one lesion, and 64.4% had extracranial metastases. Only 28.6% of the primary tumors were under control. Patients with KPS 90, 70--80, and 60 accounted for 19.5%, 66.9%, and 13.5%, respectively, of the total group. According to RTOG recursive partitioning analyses (RPA) classification system, the number of patients in RPA classes 1, 2, and 3 were 6, 115, and 15, respectively.[@CIT0018] Of the 133 BM cases, 75 had received radiotherapy (WBRT/SRS/SRT) and 65 had received EGFR-TKI. The other patients received combined treatments of WBRT plus systemic chemotherapy concurrently or subsequently.

The optimal cut-off value of NLR was calculated by ROC analysis. The AUC for OS was 0.563. Sensitivity and specificity were 56.79 and 65.38, respectively. The cut-off value for the prediction of OS in this cohort was 2.99, as presented in [Figure 1](#F0001){ref-type="fig"}. Of the 133 patients, 68 (51.1%) presented with NLR values equal to or less than 2.99; the remaining 65 (48.9%) patients had NLR values above 2.99. Between patients with NLR\>2.99 and \<2.99, there were no significant differences in terms of clinicopathologic characteristics ([Table 1](#T0001){ref-type="table"}).Table 1Characteristics of Patients and the Chi-Square TestCharacteristicsNo. (%)Х^2^NLR\<2.99 ≥2.99PTotal13368 65Gender0.358 Male52 (39.1)24 28 Female81 (60.9)44 37Age0.218 ≤65109 (82)53 56 \>6524 (18)15 9Smoking0.844 No91 (68.4)46 45 Yes42 (31.6)22 20KPS0.288 ≤6026 (19.5)10 16 70--8089 (66.9)47 42 ≥9018 (13.5)11 7No. of BMs0.458 137 (27.8)17 20 \>196 (72.2)51 45Extracranial metastases0.272 Absent47 (35.3)21 26 Present86 (64.7)47 39TKI treatment0.142 No65 (48.9)29 36 Yes68 (51.1)39 29WBRT0.819 No75(56.4)39 36 Yes58(43.6)29 29Primary lesion0.826 Uncontrolled95 (71.4)48 47 Controlled38 (28.6)20 18NLR------ \<2.9968 (51.1) ≥2.9965 (48.9)[^2] Figure 1Receiver operating characteristic curve of the neutrophil-to-lymphocyte ratio. There were 133 patients with epidermal growth factor receptor (EGFR) mutations. The area under the curve is 0.563 and the optimal cut-off value is 2.99. When the optimal cut-off value is chosen, the sensitivity is 56.79 and the specificity is 65.38.

Univariate and Multivariate Cox Regression Analysis for OS {#S0003-S2002}
----------------------------------------------------------

By the end of the follow-up, there were 26 patients alive. The median OS for the whole group was 16.23 months (range: 95% CI = 14.03--18.43 months). In univariate tests, log-rank analysis revealed that age (*P* \< 0.001), smoking status (*P* = 0.037), KPS at BM (*P* \< 0.001), number of brain lesions (*P* = 0.029) extent of extracranial disease (*P* = 0.038), treatment modality (*P* \< 0.001), and NLR values (*P* \< 0.001) affected OS. In comparison with the patients with NLR, those with an NLR less than 2.99 had a longer OS (20.67 vs 11.43 months). In the subgroup analysis, the results demonstrated that there were significant differences between subgroups by GPA score (*P* \< 0.001) ([Figure 2](#F0002){ref-type="fig"}). To further determine the independent factors predictive of OS, all of the variables in univariate analysis were entered into a Cox regression model. The results showed that KPS at BM (HR = 1.805; 95% CI: 1.277--2.552; factors = 0.001), extent of extracranial disease (HR = 1.805; 95% CI: 1.277--2.552; factors = 001), treatment by TKI (HR= 1.805; 95% CI: 1.277--2.552; factors = 0.001), and NLR (HR = 1.805; 95% CI: 1.277--2.552; factors =0.001) were associated with longer OS ([Table 2](#T0002){ref-type="table"}, [Figure 3](#F0003){ref-type="fig"})Table 2Univariate and Multivariate AnalysesCharacteristicsLog-RankCOXMST (m)SE95% CIPHR95% CIPGender Male16.232.42711.473--20.9870.8971.7610.912--3.3990.092 Female16.301.29713.758--18.842Age ≤6516.771.48613.857--19.6830.0642.951.654--5.260\<0.0 \>6510.402.4235.652--15.148001Smoking No16.302.11912.147--20.4530.8372.131.045--4.3710.037 Yes16.003.9988.165--23.8358KPS ≤603.331.0551.262--5.398\<0.0010.0660.027--0.160\<0.001 70--8016.230.66614.924--17.536 ≥9024.607.18810.512--38.688No. of BMs0.029 119.003.25412.622--25.3780.1281.8271.063--3.139 \>214.372.13410.188--18.552Extracranial metastases0.002 Absent24.607.31210.269--38.9310.0152.4641.400--4.339 Present14.372.7049.070--19.670TKI treatment No11.301.3568.642--13.9580.0050.5160.314--0.8460.009 Yes17.472.13613.283--21.657WBRT0.043 No20.002.43115.236--24.7640.1471.6601.016--2.712 Yes12.502.6287.350--17.650Primary lesion Uncontrolled16.002.18011.728--20.2720.5610.8090.461--1.4200.460 Controlled17.002.61111.883--22.117NLR \<2.9920.672.55915.655--25.6850.0042.1221.276--3.5290.004 ≥2.9911.431.0009.470--13.390[^3] Figure 2Kaplan--Meier survival curves showing different graded prognostic assessment groups.Figure 3Kaplan--Meier survival curves showing different neutrophil-to-leukocyte ratio groups. NLR less than 2.99 had a longer OS (20.67 vs 11.43 months).

Discussion {#S0004}
==========

The fact that inflammation promotes tumor grown is now widely recognized and inflammation plays an important role in the development and progression of cancer.[@CIT0019] In this study, we found that pretreatment of decreased NLR, an important marker of systemic inflammation, was associated with better OS in patients with brain metastases from lung adenocarcinoma and *EGFR* mutations.

Neutrophils are a type of innate immune cells that are involved in the clearance of microbial infection. They are recruited into the microenvironment of tumors depending on chemokines that bind to CXCR1 and CXCR2 which are expressed by neutrophils.[@CIT0020] The changed microenvironment can then accelerate tumor growth, invasion, and metastasis. Studies have confirmed that increases in the number of neutrophils are associated with poor prognoses in NSCLC.[@CIT0021] As an important part of the immune system, lymphocytes play a key role in the immune response to cancer. A low lymphocyte count indicates immunosuppressing status inside the body. Lymphopenia has been demonstrated to be associated with a poor prognosis in many types of cancer.[@CIT0022] NLR represents the balance between neutrophils and lymphocytes. An elevated NLR indicates decreasing antitumor effects of T-lymphocytes and the releasing of inflammatory cytokines by neutrophils, thus promoting tumor growth, invasion, and metastasis by stimulating the tumor microenvironment. Since 1990, when Letomi first proposed that NLR may be associated with the prognosis of tumors, many studies have suggested that an elevated NLR may be an independent negative prognostic factor in a wide variety of cancers treated by different modalities.[@CIT0023]--[@CIT0026] A recent meta-analysis, including 14 studies with 2734 lung cancer patients, showed that an elevated NLR can predict a worse OS from multivariate or univariate analysis. Subgroup multivariate analysis showed that a high NLR yielded a worse OS in 2433 NSCLC patients.[@CIT0027] This implied that NLR could serve as a biologic maker predicting long-term survival in patients with NSCLC.

In recent decades, the gene underlying *EGFR* mutations was found to be a biological marker of NSCLC. It is now widely accepted that the response to EGFR TKI is greater in patients with tumor-harboring *EGFR* mutations than in patients without *EGFR* mutations. For patients with brain metastases from lung adenocarcinoma identified with *EGFR* mutations, *EGFR* TKIs also showed high efficacy in brain lesions. Targeted therapy alone or in combination with radiotherapy was recognized as the first-line treatment modality in this group of patients.[@CIT0008],[@CIT0009]

Although technologic advances have led to improved outcomes for this disease, the OS rates remain disappointingly low, ranging from 12.9 to 18.8 months.[@CIT0005]--[@CIT0007] Attempts should be made to identify factors other than disease stage and *EGFR* mutation to serve as tools for selecting proper treatment approaches. In one large pooled study of BMs, age, gender, number of brain lesions, control of primary tumors, and the presence of extracranial metastases were identified as important prognostic factors for survival in patients with BMs from different cancers.[@CIT0028] However, for this specific subgroup of NSCLC BM patients with *EGFR* mutations, besides radiotherapy, EGFR-TKI was included in the treatment strategy. Newer and more reliable markers are needed to identify those patients most likely to benefit from treatment. In our study, we analyzed 133 NSCLC BM patients identified with *EGFR* mutations. The results showed that pretreatment and treatment factors including age below 65, nonsmoker, high KPS, lower number of brain lesions, absence of extracranial metastases, and being treated with WBRT or EGFR-TKI were associated with a longer overall survival. This is consistent with many previous studies. We also employed a new factor NLR as a prognostic factor. Both in univariate and multivariate tests, elevated NLR was a significant prognostic factor in this cohort of patients. Several previous studies reported that low NLR values were strongly correlated with better PFS and OS in EGFR mutated NSCLC patients receiving EGFR-TKIs.[@CIT0016],[@CIT0029] The present study focus on specific cohort of EGFR mutated NSCLC patients with BMs. It indicates that inflammatory factors such as NLR could serve as new biologic markers in the management of this group of patients with BMs.

To assess patients' prognoses and identify the best treatment options, several prognostic indices are used and others are being developed. These are based mainly on data from BM patients who are receiving radiotherapy.[@CIT0018],[@CIT0028],[@CIT0030] In the present study, we also categorized patients according to an RTOG recursive partitioning analysis (RPA) classification system. The results showed that there are significant differences among subgroups. The analysis confirmed that this prognostic index may be appropriate for BM patients receiving targeted therapy. However, according to our data, other independent prognostic factors, such as pretreatment NLR, should be incorporated within future systems.

There are several limitations in this study. First, the treatment modalities among this cohort of patients varied. Owing to our relatively small sample size, subgroup analysis by treatment modalities was not possible. Second, our cut-off NLR value was 2.99. However, the literature offers no widely accepted cut-off value for NLR. Earlier lung cancer studies reported values ranging from 2.5 to 5.[@CIT0027] This might decrease the applicability of NLR as a biologic prognostic factor in routine clinical practice. To define a standard value, future large, multi-center, studies are needed. Third, because the data were collected from a single medical center and are retrospective in nature, some inconsistencies that may have influenced our results were inevitable.

In conclusion, elevated NLR was a poor predictor of survival in brain metastases from NSCLC with *EGFR* mutations. The NLR may serve as a useful prognostic biomarker and should be incorporated in the clinical prognostic index for these kinds of patients. However, the utility of the NLR remains to be confirmed in future analyses.
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